NOV. 30. 2005 2:43PM +1-212-319-5101 customer 01933 



NO. 36 11 P. 10 



Appl.No. 10/656,098 

Reply to Office Action of September 1, 2005 

REMARKS / ARGUMENTS 

Claims 1-13 are rejected under 35 USC 112. To avoid 
rejections referring to terminology, claims 1, 2, 8 and 13 are 
amended to clarify the intended scope of the claims. 

As to the rejection that the scope of the compounds is not 
clear in view of Examples B-ll and B-22, applicants studied these 
compounds and agree that B-22 be canceled (as set forth above) . 

However, with regard to compound B-ll, in which binaphthyl 
group and naphthyl group correspond to Ar 41 and Ar 42r respectively 
this comes within the formula Bl when one considers that adjacent 
substituents attached to an imidazole ring are condensed with 
each other to form a benzene ring. Withdrawal of the formal 
rejections is requested. 

Claims 1 and 13 are rejected as being anticipated by Inoue. 
The Examiner states that Inoue 1 s Compound No. VII-21 is a 
compound of formula Bl in which each of L 21 and L 12 , is =N-, L 13 is 
-0-, each of Ar 41 and Ar 42 is an aryl group, and one of Ar 41 and 
Ar 42 comprises a biaryl group having a bond capable of giving an 
internal rotational isomerism (specifically, comprising the 
biaryl group represented by the sixth formula on page 25 of the 
specification) . Thus, the Examiner seems to consider that 

-10- 
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9, ^-bianthracene-lO, lO'-diyl group of the compound No. VII-21, 
is as below and asserts that this group corresponds to a biaryl 
group having a bond capable of giving an internal rotational 
isomerism, as claimed in the invention. 




However, the Examiner's position is not correct, based on 
the, following reason. 

As is known in the art, an internal rotational isomerism, 
which is also called atropisomerism (see, present specification 
page 24, second paragraph), is a type of stereoisomerism that may 
arise in systems where free rotation about a single covalent bond 
is impeded sufficiently so as to allow different stereoisomers 
(enatiomers) to be isolated. Enclosed is a copy of relevant 
portion of a reference including general teaching with respect to 
the atropisomerism (Chem. Soc. Rev., 2001, 30, 145, 147 and 157). 

As detailed therein, for example, twisted biphenyls 1 and 2 
(page 146) are enantiomers as consequence of each having a 
chirality (or dissymmery) axis. Herein, "enantiomers" is 

-11- 
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molecules that are mirror images of one another (i.e., 
nonsuperimposable mirror images) . For example, biphenyl 2 can 
also be represented' by 2', as illustrated below. Apparently, 2' 
is a mirror image of 1 . 



Thus, biphenyls 1 and 2 are atropisomers (or internal 
rotational isomers) and such a biphenyl is also said to be a 
biaryl having a bond capable of giving an internal rotational 
isomerism. 

Turning to Compound No. VII-21 of Inoue, this compound is 
represented simply by formula (2), as below: 



wherein A is a residue attached to 9, 9 r -bianthracene-10 . 10 1 -diyl, 
that is, 4- (2-phenyl-l, 3, 4-oxadiazolyl) -phenyl* 





(2> . 



(2> 



(2). 
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Conformation of the compound is also represented by (2') or 
its mirror image (2"), As can be seen therefrom, (2') and its 
mirror image (2") are superimposable and therefore is identical 
in conformation, that is, enantiomerism is impossible in this 
compound. Accordingly, 9, 9 ' -bianthracene-10 . 10 1 -diyl included in 
Inoue's compound VII-21 is not a biaryl group having a bond 
capable of giving an internal rotational isomerism 
(atropisomerism) . 

On the contrary, for example, the compound of formula (3) is 
represented by conformation (3') or its mirror image (3"), as 
below. As can be seen, (3 1 ) and (3") are nonsuperiraposable and 
are enantiomers. Thus, the compound of formula (3) arises 
atropisomerism and it is concluded that the compound of formula 
(3) includes a biaryl group having a bond capable of giving an 
internal rotational isomerism. 




-13- 



PACE 13/19 * RCVD AT 11/30/2005 2:37:55 PM [Eastern Standard Time] ■ SVR:USPT0-EFXRF-6/27" DNIS:2738300 • CSID:+1 212 319 5101 * DURATION (mm-ss):05-2S 



NOV. 30. 2005 2:44PM +1-212-319-5101 customer 01933 



NO. 3611 P. 14 



Appl.No. 10/656,098 

Reply to Office Action of September 1, 2005 

Based on the foregoing, Compound VII-21 of Inoue does not 
fall within the scope of the claimed formula Bl. Thus, neither 
compound falling within scope of the claimed formula Bl nor 
biaryl group having a bond capable of giving the internal 
rotation isomerism is taught or suggested in Inoue. It is 
therefore submitted that claims 1 and 13 are not anticipated by 
or obvious over Inoue. 

The remaining claims are rejected over various combinations 
of Inoue with other documents. However, in each rejection Inoue 
is cited with respect to its disclosure of compound No. VII-21. 
As discussed in detail above, the compound of Inoue on which the 
Examiner relies is not within the present claims. Nor is there 
any suggestion to modify the compound to come within the present 
claims. The compound of Inoue, in particular, does not have a 
biaryl group having a bond capable of giving an internal 
rotational isomerism as explained in detail above. The art 
combined with Inoue does not supply this deficiency or missing 
teaching. Therefore, the various obviousness rejections relying 
on Inoue in combination with other art, does not render the 
present invention obvious. 
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In view of the above, it is submitted that the present 
invention is not shown or suggested by the cited art. Withdrawal 
of the rejections and allowance of the application are 



respectfully requested. 
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The formidable synthef ic challenge posed by the vancomy- 
cin class of glycopeptide antibiotics has only recently been 
met Foremost among the difficulties associated with the 
synthesis of these molecules Is the control of non-conven- 
tional stereochemical issues. These are a consequence of the 
molecules possessing biphenyl and biaryl ether linkages 
between amino acid residues situated within the constituent 
macrocycles. Among the keys to success is the availability of 
methods that allow the efficient formation of biaryl linkages 
between amino acid derivatives under mild conditions. 
Recent progress in the chemistry or the Suzuki coupling 
suggests that this constitutes a very powerful and general 
method for the synthesis of peptide biphenyls. 



1 Atropisornerism 

Atiopisomerism is a type of stereoisomerism that may arise in 
systems wheic free rotation about a single covalent bond is 
impeded sufficiently so as to allow different stereoisomers to be 



t Abbreviations: Bn » benzyl; Boe «■ tcrt-h ulox ycartxmy I ; dba o 
dibenzylideneacetone; Ddxn - V-dimcthaxydlphenylroethyU DMSO - 
dimethylsulfoxlde; FDPP o penufluorophcnyl diphenylpbojphiiuitf; 
MEM * metttoxyeihoxyinethyl; Ms m oicthylsuKbnyt; Piv » pivaloyl; 
TBS ~ rrr/-butyldimetny]elly]; TT ■ Diauoromeihoneaalfonyl; TT» n 
trifluoroocctyj; TFA « trifluaroacelic acid; Z = benzoxycurbonyt. 



isolated. 1 U is manifested typically to ortAo-substituted biphe- 
nyls (or, more generally, biaryls) where stexic congestion 
between the subsa'tuents restricts free rotation about the srP-srP 
carbon-carbon bond. 

Biphenyls 1 and 2 are enantiomers as a consequence of each 
having a chirality axis with a defined sense of chirality. (In this 
review we use cfuraiiry axis and chirality plane following the 
latest IUPAC guidelines.' We note, however, that these terms 
are not completely tree from controversy and for a critical 
discussion and alternative proposals wc refer interested readers 
to Ihe article by MisJow 2 ). 

The configuration of a molecule having a chirality axis may 
be specified as£ orS by application of the Cahn-Jngoid-Prelog 
priority rules. The descriptors aR and aS are sometimes used to 
distinguish axial chirality from other types but the use of a 
prefix is optional. Alternatively such molecules may be treated 
as helices and assigned M or P stereochemistry. For compounds 
with chirality axes, the descriptions aR and M and those of aS 
and P correspond. 

Atropisornerism in biaryls has been quite extensively studied 
and a considerable amount of data for various different systems 
has been reported.*^ 5 The majority of vtha-ortho substituted 
biphenyls present a barrier to rotation about the single sp^-sp 2 
bond that is sufficiently high to prevent the intercon vers ion (or 
racemizBtion) of otropisomers at room temperature and often 
above. Consequently, the different atrop isomers in teira- 
nibstitured biphenyls can usually be resolved. Atropisomer 
stability is, however, considerably reduced when two or more of 
the substxtuents are small. Atropisomeric tn-onho substituted 
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atropieomer selectivity in biaryl couplings. 10 * 1 * Studies in this 
fioli of course, benefit from the enormous pre-existing body of 
work on stereoconirol in organic synthesis. Although this has 
generally concerned itself with the control of stereochemistry 
when the stereogenic unit is a carbon atom, the principles 
involved are applicable to systems where the stereogenic unit is 
an axis. 

Important results have been achieved in both inter- and 
intramolecular couplings but general methods that allow the 
reliable au-opisomer-selective (atrop-seleciive) synthesis of 
biaryls are still some way from being a reality. 



3.1 Atrop-selective fintermolecular couplings 

In intermcrlecular atrop-selective couplings, high diastereo- 
meric excesses have been obtained using chiral oxazolines. 
Good results are, however, usually only obtained with aromatic 
compounds in which the ortho subslituents next to the coupling 
position are very different in size, for example when one is a 
hydrogen atom and the other an alky I group, The method, 
consequently, works well for the synthesis of biaryls bearing 
three ortho substitoents. These present a barrier to rotation that 
is lower than that in tetra-orfto substituted biaryls and although 
they can often be resolved, racemLzalion-free removal of the 
chiral auxUiary is frequently not possible. (Scheme 3.) 




Scheme 3 



The enantiomer of the natural product schizajidrin was 
prepared by atrop-diastereoseleciive crossed biaryl coupling 
using an oxazoline substituent as chiral auxiliary. 2 * In this 
particular case a tetra-tfrrAo-substitutcd biphenyl was obtained 
in diastereomcric excess of 86% after coupling between aryl 
bromide 3 and oxazoline 4. 

Another natural product, stegnnone, has been synthesized 
using an atrop-selectrve 21 Suzuki coupling between the achiral 
borontc acid 5 and the chiral arenechrorniuro complex 6. The 
coupling between 5 and 6 proceeded in good yield to give the 
desired (/?) [or (AY)]-atropi8omer, the other not being detected in 
the worked -up product. (Scheme 4.) 

Hie use of aryl reactants incorporating a chiral auxiliary as a 
control element for inducing atropisomer selectivity can, 
however, be limited by their commercial availability as well as 
by limitation to a particular biaryl substitution pattern. Stereo- 
selective aryl couplings have also been reported using aromatic 
systems that themselves do not incorporate chiral control 
elements through the use of chiral catalysts or reagents. 

One example is the atrop-enantioselective coupling of 
2-naphthol to give the corresponding binaphthol, which can be 
achieved in good chemical yield and high optical purity 




Scheme 4 



{96% ee) by chiral copper-conrplex-mediaicd phenolic oxida- 
tion, although large quantities (up to a 16 fold excess) of the 
chiral reagent are required. (Scheme 5.) 




Scheme 5 



Promising results have also been achieved with palladium(0) 
complexes in the presence of cbiral lignnds, as the atrop- 
enantioselective Suzuki reaction below illustrates. 22 Chiral 
binaphthalene derivatives in up to 85% ee can be formed by 
careful choice of the ligand. (Scheme 6.) 




Scheme € 



3.2 Atrop-selective intramolecular couplings 

Making a given biaryl coupling intramolecular can bring with it - 
several benefits. Not only may the bridge finking the aromatic 
rings lead to an improvement in the yield and regioselectivity of 
the coupling reaction, but it may also influence the barrier to 
airopisomerizaUon and be the site of chirality from which any 
asymmetric induction emanates. After coupling, there are 
several possibilities for the subsequent treatment of bridges: all 

Chem. Soc. Rev., 2001, 30, 145-1 57 147 
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biphenyls can often be interconvertcd above room temperature. 
Di-ortko substituted biphenyls can usually only be resolved if 
both of the subsUtuents ore large. 

Whatever the substitution pattern, in solution the aromatic 
rings in biphenyls are usuajjy neither coplanar nor perpendicu- 
lar in their lowest energy conformations. 5 The steric require- 
ments of ort/io-substituents tend to enforce non-coplanariry but 
the stabilization of the biphenyl system by n-electron overlap is 
greatest when the rings are coplanar. These effects tend to pull 
in opposite directions and the inter-ring torsion angle is usually 
between 42° and 90°. In tlic crystal, however, some biphenyls 
including biphenyl itself are planar * 

Atropisomerism is not restricted to biaryls. Within systems 
having the Bp^-sp 2 single bond type, it may also be manifested 
in Btericany impeded substituted styrenes and in certain 
aromatic amides and anJlides. 7 - 9 Cases of atropisomerism about 
single sp^-sp 3 carbon-carbon bonds are known and, mora 
unusually, some highly s lexically hindered sp3-sp* single bonds 
also exhibit degrees of restricted free rotation that permit 
stereoisomers to be resolved. Complex molecular architectures 
such as those of the vancomycin, group of antibiotics present 
nan conventional stereochemical Issues that originate in the 
restricted rotation of substituted aromatic rings within macro- 
cyclic structures. The practitioners of the first total syntheses of 
these molecules have considered these stereochemical phenom- 
ena to be cases of atropisomerism. We follow this usage in this 
review (see Section 4). 



2 Biaryls and their synthesis 

The Wary! 1 *- 13 sub-unit is found in a wide variety of natural 
products, including alkaloids, conmarias, flavonoids, lignans, 
poJyketides, tannins, terpen es and peptides. Compounds incor- 
porating biaryl building-blocks also And application as chiral 
reagents, chiral phases for chromatography and chiral liquid 
crystals to name only the most important. Their ubiquity makes 
biaryl compounds important synthetic targets and many meth- 
ods for their chemical synthesis have been described. 10 - 12 The 
key step is almost always bond formation (often referred to as 
coupling) between the two aromatic portions of the molecule. 

The synthetic problem is simplified in those cases where both 
aromatic rings are identical and the product is a symmetrical 
biaryl. Although methods for the formation of uxisymmetrical 
biaryls have been known for decodes it is only relatively 
recently, with the advent of palladium (0)-based coupling 
reactions, that versatile procedures for their formation under 
relatively mild conditions have become available,' 2 Without 
doubt it is those methods based on aryllin and especially 
arylboron reagents that have seen the most important advances. 
Palladium(O) catalyzed crossed coupling reactions using these 
reagents have now become among the most Important carbon- 
carbon bond-forming reactions available to the organic chemist. 
They can be applied in a variety of circumstances for the 
synthesis of biaryls and a range of other types of product and 
tolerate a much wider range of functionality and structural 
diversity than other alternatives. 

Mechanistically these reactions am complex and much 
studied In general terms they are thought to proceed via 

oxidative addition of the catalyst to the aryl halide. followed by 



a transmeiallation step that gives a diary! palladium species. 
Reductive elimination from this then gives the biaryl compound 
and regenerates palladium (0) which can re-enter the catalytic 
cycle. 

Arylstannanes can be induced to react with aryl halides or 
aryl triflates through the agency of Pd(0) catalysis to give 
biaryls, a reaction known as the Stillc coupling. 1 * The 
possibility of using aryl triflates adds extra versatility to the 
method since it allows phenols to serve as substrates for the 
synthesis of biphenyls. (Scheme I.) 




Scheme 1 



A similar but even more extensively used method employs 
arylboronic acids or their derivatives instead of arylrin com- 
pounds and aryl halides as the second component in a reaction 
known as the Suzuki coupling, i^.trie which has become one of 
the mosi widespread method* for the synthesis of biaryls. 
(Scheme 2.) 



Me s 



S N'^V' M9 Pd(Ph,P) 4 , 

Ms 



94% 




Scheme 2 



Among the most important virtues of the Suzuki coupling 
may be counted its tolerance to a wide variety of functional 
groups and the comparative ease with which arylboronic acids 
and their derivatives may be prepared. The relative stability of 
these reagents to water and to oxygen also contributes notably 
to the operational simplicity of the method. A further important 
advantage of the Suzuki coupling is Us often good performance 
when couplings involving s lexically crowded aromatic rings are 
involved. 

For both symmetrical and unsymmerricoj biaryls, questions 
of regioselectivity (whether or not the coupling reaction can be 
brought about at the correct carbon atom of each of the aromatic 
rings) and stereoselectivity (whether or not the coupling can be 
influenced to produce a given atropSsomer of the biaryl 
preferentially) may arise. In certain cases efficient stereo- 
selective (atrop-diastereoselective and even atrop-cnanti ©se- 
lective) synthesis of biaryls can now be achieved. 



3 Stereocontrol in biaryl synthesis 

Since continuing advances in chemical methods for the 
formation of the carbon-carbon bond in biaryls are making their 
synthesis more and more routine, attention has focused 
increasingly on the problem of how to achieve efficient 
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